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RI GLIIHUHQW SKDVHV DUH FRPSRVLWLRQ RI DXVWHQLWH DXVWHQLWH JUDLQ VL]H FRROLQJ UDWH DQG WKH WUDQVIRUPDWLRQ
WHPSHUDWXUH
&RPSRVLWLRQ RI DXVWHQLWH SULPDULO\ LWV FDUERQ & FRQWHQW SOD\V D FUXFLDO UROH LQ GHWHUPLQLQJ WKH
WHPSHUDWXUHDWZKLFKWKHGLIIHUHQWSKDVHVPD\IRUP&DUERQKDVDPXFKODUJHU VROXELOLW\LQDXVWHQLWHWKDQLQIHUULWH
DQGLVDYHU\SRZHUIXODXVWHQLWHVWDELOL]HUZKLFKOHDGVWRDJHQHUDOUHWDUGDWLRQRIDXVWHQLWHWUDQVIRUPDWLRQNLQHWLFV
*ODGPDQ 0RUULVRQ.XQGXHWDO .XQGXHWDO .XQGXHWDO .XQGX
3RUWHUDQG(DVWHUOLQJ1LRELXP1ELVNQRZQWR LQFUHDVHWKHKDUGHQDELOLW\E\LWV WHQGHQF\WRVHJUHJDWHDW
DXVWHQLWHJUDLQERXQGDULHVZKHQLQVROXWLRQRIDXVWHQLWH *ODGPDQ.XQGXHWDO3RUWHUDQG(DVWHUOLQJ
 ,Q JHQHUDO WKH UDWH RI UHFRQVWUXFWLYH RU GLIIXVLRQ FRQWUROOHG WUDQVIRUPDWLRQ GHFUHDVHV ZLWK LQFUHDVH LQ
DXVWHQLWH JUDLQ VL]H 3RUWHU DQG(DVWHUOLQJ  $Q LQFUHDVH LQ FRROLQJ UDWH GHFUHDVHV WKH WUDQVIRUPDWLRQ VWDUW
WHPSHUDWXUHDORQJZLWKDFFHOHUDWLRQRI WKHSURJUHVVRI WUDQVIRUPDWLRQ LUUHVSHFWLYH RI WKH WUDQVIRUPDWLRQ SURGXFWV






WRXJKQHVVERWK8QIRUWXQDWHO\ WKH UROOLQJRU IRUJLQJ ORDGDQG WRROZHDUEHFRPHVYHU\KLJK IRU ORZDXVWHQLWLVLQJ
WHPSHUDWXUH$FFRUGLQJO\LWZRXOGEHWKHULJKWFKRLFHWRREWDLQWKHGHVLUHGPHFKDQLFDOSURSHUWLHVE\XVLQJKLJKHU
SURFHVVLQJ WHPSHUDWXUH ZKLFK LQ WXUQ OHDGV WR KLJKHU DXVWHQLWH JUDLQ VL]H +RZHYHU VLQFH WKH WUDQVIRUPDWLRQ




/DERUDWRU\VFDOH SODLQFDUERQ &0Q DQG QLRELXPEHDULQJPLFURDOOR\HGVWHHOV &0Q1E UHFHLYHGIURP
7$7$6WHHO,QGLDKDVEHHQXVHGLQWKHSUHVHQWLQYHVWLJDWLRQ 7KHFKHPLFDOFRPSRVLWLRQLVJLYHQLQ7DEOH
7DEOH &KHPLFDOFRPSRVLWLRQVZW RIWKH VWHHOV
 +HDWWUHDWPHQW DQGPHFKDQLFDOWHVWV
5HFWDQJXODU VHFWLRQ VSHFLPHQ EODQNVZHUHPDFKLQHG IURP WKH VWHHO SODWHV NHHSLQJ WKH ORQJ D[HV RI WKH
EODQNVDOZD\V SDUDOOHOWRWKHUROOLQJGLUHFWLRQRIWKHSODWHV7KHEODQNVZHUHVXEMHFWHGWRSULRUDQQHDOLQJ R&
KUV IROORZHGE\QRUPDOLVLQJ  R&KU WUHDWPHQWV7KHQRUPDOLVHG VSHFLPHQ EODQNVZHUH UHKHDWHGDW HLJKW
GLIIHUHQW WHPSHUDWXUHV HJ        DQG  R& IRU  KRXU DQG WKHQ FRROHG
GLUHFWO\LQZDWHUDW R& 7HQVLOHDQGLPSDFWVSHFLPHQVZHUHSUHSDUHGIURPWKHKHDWWUHDWHGVSHFLPHQEODQNV
7ZR WHQVLOH VSHFLPHQV DQG IRXU FKDUS\ LPSDFW VSHFLPHQV IRU&0Q1E VWHHO RQO\ KDYH EHHQ WHVWHG DW




WHVWLQJ IRUERWK&0QVWHHODQG&0Q1EVWHHO ZDVGRQHXQGHUVWUDLQFRQWUROPRGHDWDVWUDLQUDWHRI[ VHF
LQD FRPSXWHUFRQWUROOHGVHUYRK\GUDXOLFXQLYHUVDOWHVWLQJPDFKLQH,QVWURQRIN1ORDG FDSDFLW\)UDFWXUH
VXUIDFHVRIEURNHQWHQVLOHVSHFLPHQVZHUHREVHUYHGXQGHUVFDQQLQJHOHFWURQ PLFURVFRSH-(2/-60
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)LJXUH  VKRZVWKHYDULDWLRQRI SULRU DXVWHQLWHJUDLQVL]H 3$* DVDIXQFWLRQRIUHKHDWLQJWHPSHUDWXUH,Q
FDVHRI&0Q1E VWHHO DXVWHQLWH JUDLQ VL]H UDSLGO\ LQFUHDVHV DV WKH UHKHDWLQJ WHPSHUDWXUHRI  R& LV FURVVHG
SDUWLFXODUO\ EHFDXVH RI WKH GLVVROXWLRQ RI QLRELXP FDUELGHV 7KLV KDV EHHQ FRQILUPHG E\ WKH UHVXOWV RI ;UD\
GLIIUDFWLRQVWXG\WKDWUHYHDOQRWUDFHRI1E&LQVSHFLPHQVZLWK UHKHDWLQJWHPSHUDWXUH  R& DQGDERYH
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2SWLFDO PLFURVWUXFWXUHV RI &0Q1E VWHHO DV D IXQFWLRQ RI UHKHDWLQJ WHPSHUDWXUHV DUH VKRZQ LQ )LJXUH  DI
'HSHQGLQJXSRQUHKHDWLQJWHPSHUDWXUHVPLFURVWUXFWXUHVRIWKHVWHHOVDUHREVHUYHGFRQVLVWLQJRI YDULRXVSURSRUWLRQV
RIGLIIHUHQW SKDVHVRU SKDVH FRQVWLWXHQWV HJ IHUULWH SHDUOLWH EDLQLWH DQG PDUWHQVLWHZLWKJUDGXDO LQFUHDVH LQ WKH
DPRXQW RIEDLQLWHDQGRUPDUWHQVLWHZLWKLQFUHDVHLQWKH UHKHDWLQJWHPSHUDWXUH 7KHUHLVQRIRUPDWLRQRIEDLQLWHLQ
WKH&0QVWHHO
)LJ DF 2SWLFDOPLFURJUDSKVRI &0Q1EVWHHOVIRUGLIIHUHQWUHKHDWLQJWHPSHUDWXUHVR& DEFG  HDQG
I
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 7HQVLOHSURSHUWLHV
)LJXUH  D VKRZLQJ WKHYDULDWLRQRI VWUHQJWKSDUDPHWHUVRI WKH VWHHOV UHYHDOV WKDWERWK\LHOG VWUHQJWKDQG WHQVLOH
VWUHQJWKDUHLQFUHDVHGZLWKLQFUHDVHLQ 3$* UHDFKLQJDSHDNDW P IRU&0Q1EVWHHO IROORZHGE\DGHFUHDVH
ZLWKIXUWKHULQFUHDVHLQ 3$* )RU&0QVWHHOQRIXUWKHUGHFUHDVHZDVQRWHG 2QWKHRWKHUKDQGWHQVLOHGXFWLOLW\




)LJ  DE 9DULDWLRQRIDVWUHQJWKEHORQJDWLRQDVDIXQFWLRQRI3$*
6FDQQLQJHOHFWURQ IUDFWRJUDSKV RI&0Q1EVWHHOV VKRZQLQ)LJXUH DFEHDUVLJQDWXUHV IRU ORZHULQJRI WHQVLOH
VWUHQJWK DQG H[WUHPHO\ ORZ WHQVLOH HORQJDWLRQ LQ VSHFLPHQV ZLWK 3$*  P DQG DERYH IRU &0Q1E VWHHO
&UDFNLQJRIFDUELGHV)LJ DVXUURXQGLQJEDLQLWLF IHUULWH LV UHYHDOHGIRU 3$*P ,QFDVHRI VSHFLPHQZLWK
3$*  P WKH PLFURPHFKDQLVP RI WHQVLOH IUDFWXUH SURFHVV LQYROYHV ERWK LQWHUJUDQXODU FUDFNLQJ DORQJ ZLWK
FU\VWDOORJUDSKLFFOHDYDJH)LJ E )LQDOO\LWLVEHDXWLIXOO\ REVHUYHGLQ)LJ FWKDWLQWHUODWKFUDFNLQJRISDUDOOHO
PDUWHQVLWHODWKVRIDSDFNHWLVUHVSRQVLEOH IRUIDLOXUHRIWKHVSHFLPHQZLWKODWKPDUWHQVLWLFVWUXFWXUHGHYHORSHG ZLWK
3$*P7KH ORZHULQJRI\LHOGVWUHQJWKLVRQWKHRWKHUKDQGDWWULEXWHGWRWKH SRVVLEOHLQFUHDVHRIEDLQLWHRU
PDUWHQVLWHSDFNHWVL]HZLWKLQFUHDVHLQ 3$*+RZHYHUDOPRVW FRPSOHWHO\ODWKPDUWHQVLWLFVWUXFWXUH DFFRXQWVIRUWKH
LQFUHDVLQJWUHQGRIVWUHQJWKGDWDRIVSHFLPHQUHKHDWHGDW R& 3$*P
)LJDF )UDFWRJUDSKVRIWHQVLOHIUDFWXUHVSHFLPHQVD3$*PE3$*PDQGF3$*P
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 ,PSDFW SURSHUWLHV RI&0Q1EVWHHO
)URPWKHUHVXOWVRIFKDUS\LPSDFWWHVWVLWKDVEHHQIRXQGWKDWWKDWIRU 3$* UDQJLQJEHWZHHQ P WKHLPSDFW
WRXJKQHVVYDOXHVDUHDOPRVWVDPHYDU\LQJPDUJLQDOO\DERXWDPHDQ RI -FP7KLVLQGLFDWHVWKDWWKHLQKHUHQW
WRXJKQHVV RI WKH SUHGRPLQDQW EDLQLWHPDUWHQVLWH PL[WXUH RUPDUWHQVLWLF VWUXFWXUH RI WKH LQYHVWLJDWHG VWHHO LV a
-FP2QGHFUHDVLQJWKH 3$* EHORZ P WKHUHKDSSHQVDQLQFUHDVHLQWKHURRPWHPSHUDWXUHLPSDFW WRXJKQHVV
$WRXJKQHVVYDOXHRIa-FP LVREWDLQHGIRU 3$* P ZLWKJUDQXODUEDLQLWLF VWUXFWXUH )LJXUHVKRZV WKH
YDULDWLRQRILPSDFWHQHUJ\DVDIXQFWLRQRI 3$*
)LJ (IIHFWRISULRUDXVWHQLWHJUDLQVL]HRQWKHURRPWHPSHUDWXUHLPSDFWWRXJKQHVV
6FDQQLQJ HOHFWURQ IUDFWRJUDSKV VKRZQ LQ )LJXUH DF UHYHDO WKDW ZKLOH IRU 3$* UDQJLQJ EHWZHHQ  P
LPSDFWIDLOXUHRFFXUVLQYROYLQJERWKGXFWLOHDQGFOHDYDJHPHFKDQLVPVFU\VWDOORJUDSKLFFOHDYDJHJUDGXDOO\EHFRPHV
WKHGRPLQDQWIDLOXUHPRGHDORQJZLWKLQWHUJUDQXODUFUDFNLQJIRUPXFKKLJKHU3$*KLJKHUUHKHDWLQJWHPSHUDWXUHV
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 &RQFOXVLRQV
x *UDLQFRDUVHQLQJRIDXVWHQLWHEURXJKWDERXWE\JUDGXDOLQFUHDVHRIUHKHDWLQJWHPSHUDWXUHUHVXOWVLQ
WKH WUDQVLWLRQ RI GLUHFWFRROHG DXVWHQLWH WUDQVIRUPDWLRQ SURGXFWV IURP IHUULWHSHDUOLWH WR IHUULWHEDLQLWH
IHUULWHEDLQLWHPDUWHQVLWHDQGODWKPDUWHQVLWHPLFURVWUXFWXUH
x ,Q WKH&0Q1E VWHHO WKHRSWLPXPFRPELQDWLRQRIPHFKDQLFDO SURSHUWLHVZLWK03D WHQVLOH
VWUHQJWK   HORQJDWLRQ DQG a  -FP LPSDFW WRXJKQHVV LV REWDLQHG IURP D PL[WXUH RI IHUULWH DQG





*ODGPDQ 7 7KH3K\VLFDO0HWDOOXUJ\RI0LFURDOOR\HG6WHHOV 7KH ,QVWLWXWHRI0DWHULDOV /RQGRQSS
0RUULVRQ : %  0LFURDOOR\VWHHOV ± WKHEHJLQQLQJ 0DWHULDOV6FLHQFHDQG 7HFKQRORJ\  
.XQGX $'DYLV &/6WUDQJZRRG 0 0RGHOOLQJRI*UDLQ6L]H'LVWULEXWLRQV'XULQJ6LQJOH+LW'HIRUPDWLRQRID1E&RQWDLQLQJ6WHHO
0HWDOOXUJLFDO DQG0DWHULDOV 7UDQVDFWLRQV$ $ 
.XQGX $ 'DYLV & / 6WUDQJZRRG 0  *UDLQ 6L]H 'LVWULEXWLRQV $IWHU 6LQJOH +LW 'HIRUPDWLRQ RI D 6HJUHJDWHG &RPPHUFLDO 1E
&RQWDLQLQJ6WHHO3UHGLFWLRQ DQG([SHULPHQW 0HWDOOXUJLFDO DQG0DWHULDOV 7UDQVDFWLRQV$  
.XQGX $ 'DYLV & / 6WUDQJZRRG 0  *UDLQ 6WUXFWXUH 'HYHORSPHQW GXULQJ 5HKHDWLQJ DQG 'HIRUPDWLRQ RI 1LRELXP0LFURDOOR\HG
6WHHOV 0DWHULDOVDQG0DQXIDFWXULQJ3URFHVVHV  
.XQGX $  $XVWHQLWH*UDLQ%RXQGDU\3LQQLQJ'XULQJ5HKHDWLQJE\0L[HG$O1DQG1E&13DUWLFOHV ,6,- ,QWHUQDWLRQDO DFFHSWHG LQ
SUHVV
3RUWHU '$(DVWHUOLQJ .( 3KDVHWUDQVIRUPDWLRQVLQPHWDOVDQGDOOR\V &KDSPDQDQG+DOO /RQGRQ SS 
